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(g) Push-pull, resonant type switching power supply circuit 

@ To provide a resonant switching power sup- 
ply switch with a simple structure and little 
noise, a push-pull resonant switching power 
supply circuit includes a transformer (104), a 
capacitor (105), two transistors (106a) and 
(106b) (bi-polar transistors or field effect tran- 
sistors), and a bias circuit (201). The transfor- 
mer (104) has a rectification circuit (340) 
connected to Its secondary winding. The 
capacitor (105) fonms a parallel resonant circuit 
in combination with the transformer (104). The 
transistors (106a) and (106b) are push-pull con- 
nected to the primary winding (104a, 104b) of 
the transformer (104) and their bases are con- 
nected to a feedback winding (104d) of the lO 
transformer. The bias circuit (201) applies a 
variable bias voltage to the base of the transis- S2 
tors (106). LL 
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The present invention relates to a push-pull, res- 
onant type switching power supply circuit. 

An example of a conventional regulated power 
supply circuit is the dropper type power supply circuit 
shown in Fig. 1. The circuit is structured to obtain a 
high voltage. An oscillator 320 converts d.c. Input into 
a.c. output A transformer 330 boosts a.c. voltage and 
then a rectifying circuit 340 converts the a.c. voltage 
into d.c. voltage and outputs the latter. A constant- vol- 
tage control circuit 350 is connected between the out- 
put of the rectifying circuit 340 and a d.c. limiting ele- 
ment 310, wherein the d.c. voltage output from the 
rectifying circuit 340 is compared with a reference 
voltage supplied from a reference voltage source 360. 
A current flowing from the d.c. limiting element 310 to 
the oscillator 320 Is controlled according to the differ- 
ence between the output of the rectifying circuit 340 
and the reference voltage. In this manner, an output 
voltage dependent on the reference voltage can be 
obtained. 

Fig. 2 shows an arrangement of another conven- 
tional switching power supply circuit according to 
pulse-width modulation (PWM) control. The Inputted 
voltage is converted into an a.c. voltage by repeatedly 
turning the switching element410 on and off. The a.c. 
voltage is boosted by the main transfonmer. After- 
ward, the rectifying circuit 340 converts the a.c. vol- 
tage into a d.c. voltage and outputs the latter. The 
constant-voltage control circuit 350 compares the 
output d.c. voltage with the reference voltage sup- 
plied from a reference voltage source 360. The PWM 
control 420, powered by an auxiliary power supply 
430. changes the switching pulse width in the switch- 
ing element 10 in accordance with the difference be- 
tween the d.c. voltage from the rectifying circuit 340 
and the reference voltage. In this way, the a.c. voltage 
applied to a main transformer is controlled so that an 
output voltage dependent on the reference voltage is 
obtained. 

Fig. 3 shows a specific example of a circuit struc- 
ture. In this example, a special-purpose IC chip is 
used on the control and drives circuits 420, 350, and 
360, and a switching section 410 is constructed with 
a half bridge circuit. Further, the power supply on the 
input side converts an a.c. 1 0OV into a d.c. voltage by 
a rectifying and smoothing circuit 400. Another exanrv 
pie is described in reference 1: Japanese Laid-Open 
Patent Publication No. SHO-69-5353. which de- 
scribes a circuit for suppressing surge currents that 
occur during light loads and for increasing conversion 
efficiency. 

Recently, restrictions on unnecessary radiation 
have become more strict. To deal with these restric- 
tions, a resonant type switching power supply circuits 
have been proposed. The main categories of this type 
of circuit can be classified into various ways; current 
resonant vs. voltage resonant types (series-connec- 
tion resonance vs. parallel connection resonance 
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types), self-excited types vs. separate excited types, 
single types vs. push-pull types, as described In the 
second reference: Transistor Technology Special No. 
28. Although there are few examples of these circuits 

5 because it has only been researched in recent years, 
there are current resonant separately-exited push- 
pull types as per reference 2; current resonant sepa- 
rately-excited push-pull type described in reference 
3: Japanese Laid-Open Patent Publication No. HEI- 

10 5-30742; and a modif ication of a blocking oscillator 
(modification of an RCC type) described in reference 
4: Japanese Laid-Open Patent Publication No. HEI- 
1-194867. 

In the dropper circuit of Fig. 1. the power repre- 
15 sented by the product of voltage across the d.c. lim- 
iting element 310 and the current flowing therein is 
consumed In the d.c. limiting element 31 0 and a great 
deal of heat Is generated therein. Further, the thus 
generated heat needs to be sufficiently released. It is 
20 difficult to produce a compact device that allows suf- 
ficient release of heat. 

PWM control overcomes the above-described 
disadvantage. However, PWM control has the disad- 
vantages in that the number of circuit components, 
25 costs, and also the amount of high-frequency noise 
increases. 

Resonant switching power supply circuits over- 
come the disadvantage of the higher- harmonic noise 
in resonant circuits. However, the circuit structure is 
30 still complicated. For example, a great many circuit 
elements are required to control and drive the switch- 
ing elements in a current resonant separately-excited 
single type as per reference 2. On top of this, a dis- 
advantage as shared with forward type PWM control 
35 type remains unsolved such that large inductance L 
is required to obtain a large Q value representing 
sharpness of resonance when power increases. Al- 
though push-pull types, the circuits described in ref- 
erence 3 have the same disadvantages because they 
40 are also current resonant separately-exited types. In 
the modifications of blocking oscillator types descri- 
bed in reference 9, energy outputted to the secondary 
winding is the same as energy stored in the induc- 
tance L in the same manner as in an RCC type. There- 
45 fore, when power increases, a large size transformer 
is necessary and a large space to hold the transfor- 
mer is required. Also, because the transformer is 
caused to be saturated and so oscillates, an exciting 
current suitable for the transformer is required. Indue- 
so tion noise generated by leaks of magnetic flux be- 
come a problem as does efficiency. 

It is an object of the present invention to provide 
a resonant switching power supply circuit with low 
noise and a simple construction. 
55 in order to overcome the above-described prob- 

lems, according to the present invention, there is pro- 
vided a switching power supply circuit which compris- 
es a transformer including a primary winding, a feed 
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back winding, and a secondary winding. The primary 
winding and the feedback winding are located at a pri- 
mary side of the transformer, and the secondary 
winding is located at a secondary side of the transfor- 
mer. A capacitor Is connected In parallel to the primary 5 
winding to form a resonance circuit in combination 
with the primary winding. The resonance circuit res- 
onates at a frequency determined by the capacitance 
of the capacitor and the inductance of the primary 
winding. There is provided a rectifying circuit which is 10 
connected to the secondary winding, rectifies a vol- 
tage developed across the secondary winding, and 
produces a rectified voltage. A transistor pair Is con- 
nected across the primary winding in push-pull con- 
figuration. The transistor pair includes a first transis- is 
tor having a control electrode (base) connected to the 
first terminal of the feedback winding, and a second 
transistor having a control electrode (base) connect- 
ed to the second terminal of the feedback winding. A 
bias circuit is connected to the control electrodes of 20 
the first and second transistors and applies a bias vol- 
tage thereto. The bias circuit Includes means for vary- 
ing the bias voltage. 

A further division means Is further connected to 
the output of the rectifying circuit to produce a divided 25 
voltage of the rectified voltage. The bias voltage vary- 
ing means includes means for generating a reference 
voltage and a differential amplifier having a non-in- 
verting Input terminal applied with the reference vol- 
tage and an inverting input terminal applied with the 30 
divided voltage of the rectified voltage. The differen- 
tial amplifier produces an amplified differential out- 
put of the reference voltage and the divided voltage 
of the rectified voltage. 

It is preferable that the reference voltage gener- 35 
ating means comprises means for varying the refer- 
ence voltage. 

In the switching power supply circuit according to 
the present invention, first and second transistors are 
connected to the pri mary winding of a transformer to 40 
perform a push-pull operation. A positive feedback 
circuit is formed by the connection of the feedback 
winding to the bases of the first and second transis- 
tors so that a signal from the feedback winding is fed 
back to the bases of these transistors. The resonance 45 
circuit oscillates at a frequency determined by the pri- 
mary winding and the capacitor connected in parallel 
thereto. That is. a self-excited push-pull switching 
power supply circuit is provided by such an arrange- 
ment. The d.c. level of the feedback signal sent from so 
the feedback winding to the bases of the transistors 
is changed by changing of the bias voltage. Because 
the peak value of the feedback signal changes 
caused by the change of the bias voltage, the level of 
the voltage induced In the secondary winding Is con- 55 
trolled. In this manner, output from the secondary 
winding can be obtained according to the bias vol- 
tage. 



The bias voltage, controlled by comparing the 
rectified output of the secondary winding of the trans- 
former with a reference voltage, is applied to the bas- 
es of the transistors. That is, a feedback control sys- 
tem is formed wherein the target value is the refer- 
ence voltage and the control parameter is the recti- 
fied output obtained from the secondary winding of 
the transformer. The rectified output Is controlled so 
as to be a fixed value dependent on the reference vol- 
tage. 

With the use of a single winding for the feedback 
winding, the construction of the transformer per se 
can be simplified. In addition, because the bias vol- 
tage is applied to the base of the other transistor via 
the feedback winding, the first transistor Is rendered 
ON at the start up of the circuit, whereby the start up 
of the circuit is ensured. 

The particular features and advantages of the in- 
vention as well as other objects will become more ap- 
parent from the following description taken in connec- 
tion with.the accompanying drawings, In which: 

Fig. 1 is a diagram showing an example of a con- 
ventional dropper type regulated power supply 
circuit; 

Fig. 2 is a diagram showing an arrangement of 
another conventional switching power supply cir- 
cuit according to a PWM control; 
Fig. 3 is a diagram showing a specific example of 
the structure of a switching power supply circuit 
according to a PWM control; 
Fig. 4 is a structural diagram schematically show- 
ing a switching power supply circuit according to 
the present invention; 

Fig. 5 Is a diagram showing a specific circuit ar- 
rangement of an exemplary switching power sup- 
ply circuit according to the present invention; 
Fig. 6 Is a diagram showing an example of actual 
waveforms of collector cun*ent (lower level) and 
collector voltage (upper level) from a transistor 
106a when reference voltage 102 is changed so 
that the d.c. output voltage VOUT is 1 .500V; 
Fig. 7 Is a diagram showing an example of actual 
waveforms of collector current (lower level) and 
collector voltage (upper level) from a transistor 
106a when reference voltage 102 is changed so 
that the d.c. output voltage VOUT is 1 ,2O0V; 
Fig. 8 is a diagram showing an example of actual 
wavefonms of collector current (lower level) and 
collector voltage (upper level) from a transistor 
106a when reference voltage 102 is changed so 
that the d.c. output voltage VOUT is 1 ,0O0V; 
Fig. 9 is a diagram showing an example of actual 
wavefonms of collector current (lower level) and 
collector voltage (upper level) from a transistor 
106a when reference voltage 102 is changed so 
that the d.c. output voltage VOUT is 50OV; 
Fig. 1 0 is a diagram showing an example of actual 
wavefonms of collector current (lower level) and 
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collector voltage (upper level) from a transistor 
106a when reference voltage 102 Is changed so 
that the dc output voltage Vqut is 1 ,500V, wherein 
the oscillating frequency is 285.7 KHz and a load 
of 30 Mn is connected to the output of the circuit 5 
shown In Fig. 5; 

Fig. 1 1 is a diagram showing an example of actual 
waveforms of collector current (lower level) and 
collector voltage (upper level) from a transistor 
106a when reference voltage 102 is changed so io 
that the dc output voltage Vqut >s 1 ,200V, wherein 
the oscillating frequency is 285.7 KHz and a load 
of 30 Mn Is connected to the output of the circuit 
shown in Fig. 5; 

Fig. 1 2 is a diagram showing an example of actual is 
waveforms of collector current (lower level) and 
collector voltage (upper level) from a transistor 
106a when reference voltage 102 is changed so 
that the dc output voltage Vqut is 1 ,000V, wherein 
the oscillating frequency is 285.7 KHz and a load 20 
of 30 is connected to the output of the circuit 
shown In Fig. 5; 

Fig. 1 3 is a diagram showing an example of actual 
waveforms of collector current (lower level) and 
collector voltage (upper level) from a transistor 25 
106a when reference voltage 102 Is changed so 
that the dc output voltage Vout is 500V, wherein 
the oscillating frequency is 285.7 KHz and a load 
of 30 is connected to the output of the circuit 
shown in Fig. 5; 30 
Fig. 14 is a diagram showing an example of actual 
waveforms of collector current (lower level) and 
collector voltage (upper level) from a transistor 
106a when reference voltage 102 is changed so 
that the dc output voltage Vqut is 1 ,500V, wherein 35 
the oscillating frequency is 285.7 KHz and a load 
of 5 Mn is connected to the output of the circuit 
shown in Fig. 5; 

Fig. 15 is a diagram showing an example of actual 
waveforms of collector current (lower level) and 40 
collector voltage (upper level) from a transistor 
106a when reference voltage 102 Is changed so 
that the dc output voltage Vqut is 1 ,200V, wherein 
the oscillating frequency is 285.7 KHz and a load 
of 5 Mn is connected to the output of the circuit 45 
shown in Figure 5; 

Fig. 16 is a diagram showing an example of actual 
waveforms of collector current (lower level) and 
collector voltage (upper level) from a transistor 
106a when reference voltage 102 Is changed so so 
that the dcoutput voltage Vqut is 1 ,000V, wherein 
the oscillating frequency is 285.7 KHz and a load 
of 5 MQ. is connected to the output of the circuit 
shown In Fig. 5; 

Fig 1 7 is a diagram showing an example of actual ss 
waveforms of collector current (lower level) and 
collector voltage (upper level) from a transistor 
106a when reference voltage 102 is changed so 



that the dc output voltage Vqut is 5000V, wherein 
the oscillating frequency is 285.7 KHz and a load 
of 5 Mn is connected to the output of the circuit 
shown In Fig. 5; 

Fig. 1 8 Is a frequency response curve of a Y10EA 
type diode when a 100 KHz signal is applied 
thereto; 

Fig. 19 Is a frequency response curve of Y10EA 
type diode when a 200 KHz signal is applied 
thereto; 

Fig. 20 is a frequency response curve of Y10EA 
type diode when a 500 KHz signal is applied 
thereto; 

Fig. 21 is a frequency response curve of a Y10EA 
type diode when a 1 MHz signal is applied there- 
to; 

Fig. 22 is a frequency response curve of a 
1 SS306 type diode when a 1 00 KHz signal is ap- 
plied thereto; 

Fig. 23 is a frequency response curve of a 
1 SS306 type diode when a 200 KHz signal Is ap- 
plied thereto; 

Fig. 24 is a frequency response curve of a 
1 SS306 type diode when a 500 KHz signal is ap- 
plied thereto; and. 

Fig. 25 Is a frequency response curve of a 
1SS306 type diode when a 1 MHz signal Is ap- 
plied thereto. 

An embodiment of the present invention will t>e 
described with reference to the drawings. Fig. 4 is a 
conceptional diagram showing a construction of a 
switching power supply circuit according to the pres- 
ent invention wherein it Is assumed that there is no 
load fluctuation. In this example, bipolar transistors 
are used as the switch elements. 

A capacitor 105 is connected across a series con- 
nection of the primary windings 104a and 104b of a 
transformer 1 04, thereby forming an LC resonant cir- 
cuit The LC resonance circuit oscillates at a reso- 
nance frequency determined by the inductance of pri- 
mary windings 104a and 104b and the capacitance of 
capacitor 105. Transistors 106a and 106b are con- 
nected in a push-pull configuration. The voltage from 
a power supply 101 is applied to the centre tap of the 
primary windings 104a and 104b. On the other hand, 
the feedback winding 104d of the transformer 104 is 
a single winding. One terminal of the feedback wind- 
ing 104d is connected to the base of the transistor 
106a and the other terminal of the feedback winding 
104 Is connected to the base of the transistor 106b. 
With such connections of the transformer 104, the ar- 
rangement of the transformer 104 is simplified and 
the voltages applied to the bases of the transistors 
106a and 106 are in opposite phase with each other. 
In this way, the voltage of a drive signal is fed back to 
the bases of the transistors 106a and 106b to cause 
the circuit to perform a self-excited resonance oscil- 
lation. 
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Bias voltage from a bias power supply 201 is ap- 
plied to the base of the transistor 106a via a current 
limiting resistor 107. Also, bias voltage fronn the bias 
power supply 201 is applied to the base of the tran- 
sistor 106b via the feedback winding 104d. When a 5 
bias voltage is applied at start up of the device, a bias 
current initially flows to the base of the transistor 1 06a 
and subsequently a bias current flows to the base of 
the transistor 106b. The delay of the bias current to 
the transistor 106b is caused by the feedback winding io 
1 04d. For this reason, the transistor 106a is rendered 
ONI at the start up of the device, thereby ensuring the 
start of self-excited oscillation. 

Further, the bias voltage applied to the transis- 
tors 106a and 106b from the bias power supply 201 is 
is variable. By varying the bias voltage, the direct cur- 
rent level of the feedback signal from the feedback 
winding 104d to the base of the transistor 106b 
changes. Because the peak value of the base voltage 
(current) at the transistor 106b changes, the level of 20 
the voltage Inducted at the secondary winding 104c 
is controlled. By rectifying the alternating voltage ob- 
tained from the secondary winding 104c of the trans- 
former 104 using a well-known rectifying circuit (not 
shown) and converting the alternating voltage to a di- 26 
red voltage, a direct voltage of a desired level can be 
obtained. 

Fig. 5 shows a specific example of a circuit ar- 
rangement of a switching power supply circuit accord- 
ing to the present invention, wherein a fixed level of 30 
a rectifying output can be obtained regardless of the 
presence of a load fluctuation. Components indicated 
in Fig. 5 that are the same as those in Fig. 4 are indi- 
cated with the same reference numerals. 

In the circuit of Fig. 5, a capacitor 1 05 is connectd 3S 
across the series connection of primary windings 
104a and 104b of a transformer 104 to thereby form 
a resonance circuit similar to the circuit arrangement 
shown in Fig. 4. Transistors 106a and 106b are also 
connected in a push-pull configuration. A feedback 40 
winding 104d comprised of a single winding is con- 
nected at one terminal to the base of a transistor 1 06a 
and at the other terminal to the base of a transistor 
106b, thereby forming a push-pull oscillation circuit of 
a self-excited voltage resonance type with a f bced os- 45 
cillation frequency. 

A winding 210 having an inductance greater than 
the inductance of primary windings 104a and 104b, is 
connected between the power supply 101 and the 
centre tap of the primary windings 104a and 104b. so 
With the provision of the winding 210, the current 
flowing in the primary winding of the transformer 104 
is averaged so that noise is prevented from appearing 
at the input power supply 101, 

A voltage, corresponding to the turns ratio of the 55 
secondary winding 104c to the primary winding 104a, 
104b, is inducted to the secondary winding 104c. In 
order to attain a desired output voltage, the number 



of turns in the secondary winding is determined by 
the product of the number of turns in the primary 
winding and a ratio of the output voltage to the voltage 
of the input power supply 101 . 

In the present embodiment, a Cockcroft circuit 
340 is employed as a circuit for rectifying alternating 
current from the secondary winding 104c so that di- 
rect current obtained is doubled. The Cockcroft circuit 
340 is constructed from diodes D11 and D12, and ca- 
pacitors C11 and CI 2. The output side of the rectifi- 
cation circuit 340 is connected to the an RC filter 
made up of a capacitor 221 and a resistor 220, for de- 
creasing ripple component. 

The bias circuit 201 includes resistors 207 and 
208. with which the output voltage from the rectifying 
circuit 340 is voltage divided. A difference between 
the voltage developed across the resistor 208 and the 
reference voltage 1 02 is used as a bias voltage. Acon- 
stant voltage source can be used for generating the 
reference voltage. In such a case, it is desirable that 
the output voltage from the constant voltage source 
be adjustable. The adjustment can be achieved ac- 
cording to a well-known method. A differential ampli- 
fier 203 has an inverting input terminal applied with a 
voltage divided by the resistors 207 and 208 and a 
non-inverting input terminal applied with the refer- 
ence voltage 102. The differential amplifier 203 ann- 
plif ies the difference between the reference voltage 
1 02 and the voltage divided by the resistors 207 and 
208. The differential amplifier 203 can also be con- 
structed according to a well-known method by, for ex- 
ample, using an operation amplifier or a circuit using 
two transistors. Such differential amplifiers can easi- 
ly set their gain. To the output of the differential am- 
plifier 203 is connected an emitter follower transistor 
204 to reduce the output impedance, thereby ena- 
bling to drive the transistors 106a and 106b. 

With the circuit of Fig. 5, the voltage of the drive 
signal is fed back to the bases of the transistors 106a 
and 108b to thereby perform self-excited oscillation. 
The transistor 106a at start up is rendered ON and os- 
cillation can be started up without fail. 

Thed.c, voltage 

Vqut ^f rectifying circuit 340 
passing through the RC filter is voltage-divided by the 
resistors 207 and 208, and the difference between 
the reference voltage 102 and the voltage developed 
across the resistor 208 are amplified by the differen- 
tial amplifier 203. The resultant amplified signal is ap- 
plied to the transistors 1 06a and 1 06b as bias voltage. 
In the bias circuit 201, the voltage developed across 
the resistor 208 is applied to the ) inverting input ter- 
minal of the differential amplifier 203 and the refer- 
ence voltage 102 is applied to the non-inverting input 
terminal of the differential amplifier 203. Therefore, 
the bias voltage decreases when voltage outputted 
from the secondary winding 104 increases, and the 
bias voltage increases when the voltage outputted 
form the secondary winding 104 decreases. Chang- 
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ing the bias voltage in this way changes the d.c. level 
of the feedback signal obtained from the feedback 
winding 109d and applied to the bases of the transis- 
tors 106a and 1 06b. Due to the change in the d.c. level 
of the feedback signal, the peak value of the base vol- 
tage (current) changes, and therefore, the level of the 
voltage inducted at the secondary winding 104c is 
controlled. 

In this manner, a feedback control system is 
formed wherein the target value is the reference vol- 
tage and the control amount is the rectified output 
from the secondary winding of the transformer. Con- 
trol can be performed so that the rectified output be- 
comes substantially a fixed value dependent on the 
reference voltage. 

Figs. 6 through 9 show examples of waveforms 
derived from actual measurements, when the refer- 
ence voltage 102 of the circuit shown in Fig. 5 is 
changed, of the collector voltage of transistor 106a 
(upper level of the figures where the axis of ordinate 
represents 15V/dlv) and the collector current of tran- 
sistor 106a (lower level of the figures where the axis 
of ordinate represents 50 mA/dIv), wherein oscillating 
frequency is 1 53 KHz and the axis of abscissa repre- 
sents 2 fxs/dlv. The reference voltage is adjusted so 
that the d.c. output voltage Vqut becomes 1,500V in 
the case of Fig. 6, the d.c. output voltage Vqut be- 
comes 1 ,200V in the case of Fig. 7, the d.c. output vol- 
tage Vqut becomes 1 ,000V in the case of Fig. 8, and 
the d.c. output voltage Vqut becomes 500V in the 
case of Fig. 9. (The bias voltage was reduced in or- 
der). 

The characteristics of push-pull resonance type 
power supply circuits can be observed in the wave- 
form figures shown in Figs. 6 through 9. The transfor- 
mer operates under an unsaturated condition. Due to 
the unsaturated energy derived from the transformer, 
a maximum voltage that is 2.828 times (derived from 
multiplying two times the square root of two) as large 
as the power supply voltage is developed across the 
switch element of the primary winding side, in Figs. 6 
through 9, as the collector current decreases, the 
maximum value of the collector voltage decreases. 
Fig. 9 shows a condition out of the resonance. 

Figs. 10 through 13 show other examples of wa- 
veforms derived from actual measurements of the 
collector voltage of transistor 106a and the collector 
current of transistor 106a when the reference voltage 
1 02 of the circuit shown in Fig. 5 is changed. In these 
measurements, oscillating frequency is 285.7 KHz 
and a load of 30 MQ is connected to the output of the 
circuit shown in Fig. 5. The reference voltage is ad- 
justed so that the dc output voltage Vqut becomes 
1,500V in the case of Fig. 10, the dc output voltage 
Vqut becomes 1.200V in the case of Fig. 11, the dc 
output voltage Vqut becomes 1,000V in the case of 
Fig. 12; and the dc output voltage Vqut becomes 500V 
In the case of Fig. 1 3. 



Figs. 145 through 1 7 show still other examples of 
waveforms derived from actual measurements of the 
collector voltage of transistor 106a and the collector 
cunrent of transistor 106a when the reference voltage 

5 1 02 of the circuit shown In Fig. 5 is changed. In these 
measurements, oscillating frequency is 285.7 KHz 
and a load of 5Q is connected to the output of the cir- 
cuit shown in Fig. 5. The reference voltage is adjusted 
so that the dc output voltage Vqut becomes 1 ,500V in 

10 the case of Fig. 14, the dc output voltage Vqut be- 
comes 1.200V in the case of Fig. 15, the dc output vol- 
tage Vqut becomes 1 ,000V in the case of Fig. 16, and 
the dc output voltage Vqut becomes 500V In the case 
of Fig. 17. 

15 The waveforms of the collector currents in the 

above three types of examples are attained by ob- 
serving with an oscilloscope a voltage developed 
across a resistor of 4.7n connected between the 
emitter of one of the push-pull transistors and ground. 

20 As is apparent from these results, it can be ap- 

preciated that reducing the bias voltage causes the 
peak value of the base current to reduce, and as a re- 
sult the voltage inducted at the secondary winding re- 
duces. By using the difference between the reference 

25 voltage and the divided voltage of the rectified output 
from the secondary winding of the transformer, the 
rectified voltage can be substantially set to a fixed 
value dependent on the reference voltage. By in- 
creasing or decreasing the reference voltage, the un- 

30 saturated energy of the transformer changes. Ac- 
cordingly, the rectified output can be adjusted over a 
wide range from the maximum value to the voltage 
value where the resonance does not taken place. 
Also, when normal operation is performed (as shown 

35 in Figs. 6 through 9), the switching locus (refer to ref- 
erence 2, page 144) is drawn to pass the vicinity of 
the axes of ordinate and abscissa. There is therefore 
very little loss with this device. 

Figs. 18 through 21 show frequency response 

40 curves of a diode of Y10EA type (available on the 
market by identifying this number) which Is used in 
the place of D11 and D12 In the Cockcroft circuit 340 
shown in Fig. 5. Figs 22 through 25 show frequency 
response curves of a diode of 1 SS306 type (available 

45 on the market by identifying this number) which is 
used in the place of D11 and D12 in the Cockcroft cir- 
cuit 340 shown n Fig. 5. The frequency of the signal 
applied to the latter type diode can be increased in 
comparison with that applied to the former type diode. 

50 With the use of 1SS306 type diode, efficiency of the 
circuit can be enhanced and the input current can be 
reduced to an extent of 44 to 52% with respect to the 
Input current needed for the conventional dropper 
type power supply circuit. In the case of using Y10EA 

55 type diode, the circuit is operable for the oscillating 
frequency in a range of less than 200 KHz, and in the 
case of using 1SS306 type diode, the circuit is oper- 
able for the oscillating frequency in a range of less 
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than 1 MHz. 

A resonant power supply circuit according to the 
present invention has features of low loss from 
switching elements, a simple structure, compact 
size, and low cost in addition to the feature of little 
higher harmonic noise. Also, because oscillation is 
performed in an unsaturated region, the disadvantag- 
es as are present in reference 4 do not occur. Com- 
paring the circuit of the present invention with the 
regulated power supply circuit of the dropper type 
shown in Fig. 1 under the same condition, volume is 
decreased to one fifth and consumption of current is 
decreased to 44%. The circuit shown in Frg. 5 is sim- 
ple in the circuit structure because the use of capac- 
itors are limited to resonance, rectification, and 
smoothing and is easily produced into an IC chip from 
the following reasons. 

In order for self-exited oscillation to take place, 
the loop gain of the oscillator must be one or more. In 
order to control the oscillation output, it is desirable 
that the change of the oscillation output be targe in re- 
gards to the minute changes of the rectification out- 
put. In a resonant power supply circuit according to 
the present invention, because a differential amplifier 
is used in the bias circuit, a sufficiently large change 
can be obtained in the bias voltage in regards to the 
minute changes in the rectified output. In addition, the 
gain and the constant of the differential amplifier can 
be simply set by using well-known designing meth- 
ods. Accordingly, it is possible to design a circuit so 
that the rectified output is adjustable over a wide 
range while maintaining the self-excited oscillation 
conditions. 

A diode may be connected to the base or emitter 
of the transistors 106a and 106b to prevent these 
transistors from being damaged when bias voltages 
applied to the bases of the transistors 1 06a and 1 06b 
exceed rated voltages to these transistors. 

A field-effect transistor can be used for the tran- 
sistors 108a and 106b. However, because the gain 
gm of the field-effect transistor is smaller than that of 
the bipolar transistors, there is a need to carefully set 
the constant. Therefore, the adjustable range of the 
rectified output becomes small. 

Although a resonance capacitor is connected 
across both terminals of the primary winding, it can be 
connected to the secondary side or a winding for used 
in the resonance circuit may be provided to increase 
the sharpness Q in the resonance. 

According to the present invention, the feedback 
signal obtained from the feedback winding and ap- 
plied to the base of the transistor controls the level of 
the voltage induced in the secondary winding side by 
changing the bias voltage. Therefore, bias voltage de- 
pendent output can be obtained from the secondary 
winding and thus desired rectified output can be ob- 
tained. 

By applying the bias voltage, which is obtained by 



amplifying a difference between the reference vol- 
tage and the rectified output from the secondary 
winding, to the base of the transistor, a feedback con- 
trol system is formed wherein the control amount is 

5 the rectified output of the secondary winding of the 
transformer, and the target value is the reference vol- 
tage. Therefore, a power supply with a simple struc- 
ture can be provided wherein a voltage substantially 
dependent on the reference voltage is obtained re- 

10 gardless of the presence of load fluctuation. 

By the use of a single winding for the feedback 
winding of the transformer, the structure can be fur- 
ther simplified and start-up can be more definite. 
While exemplary embodiments of this invention 

15 have been described in detail, those skilled in the art 
will recognize that there are many possible modifica- 
tions and variations which may be made in these ex- 
emplary embodiments while yet retaining many of the 
novel features and advantages of the invention. 

20 

Claims 

1 . A switching power supply circuit comprising: 

25 a transformer (104) including a primary 

winding (104a, 104b) having an inductance, a 
feedback winding (104d), and a secondary wind- 
ing (104c), said primary winding (104a, 104b) 
and said feedback winding (104d) being located 

30 at a primary side of said transformer (104), said 

secondary winding (104c) being located at a sec- 
ondary side of said transformer (104), and said 
feedback winding (104d) having a first terminal 
and a second terminal; 

35 ^ a capacitor (105) having a capacitance 

and connect in parallel to said primary winding to 
form a resonance circuit in combination with said 
primary winding, said resonance circuit resonat- 
ing at a frequency determined by the capacitance 

40 of said capacitor (1 05) and the Inductance of said 

primary winding; 

a rectifying circuit (340), connected to said 
secondary winding (104c), rectifying a voltage 
developed across said secondary winding and 

45 producing a rectified voltage; 

a transistor pair (106) connected across 
said primary winding in push-pull configuration, 
said transistor pair including a first transistor 
(106a) having a control electrode connected to 

50 the f irstterminal of said feedback winding (104d). 

and a second transistor (106b) having a control 
electrode connected to the second terminal of 
said feedback winding (104d); and 

a bias circuit (201) connected to the con- 

55 trol electrodes of said firstand second transistors 

(106) and applying a bias voltage thereto, said 
bias circuit (201) including means for varying the 
bias voltage. 
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2. A switching power supply circuit according to 
claim 1, wherein said bias voltage varying nneans 
(201) comprises nneans (102) for generating a ref- 
erence voltage, and comparison means (205) for 
comparing the rectified voltage produced from 
said rectifying circuit (340) with the reference vol- 
tage and for outputting a comparison result, the 
bias voltage being varied based on the compari- 
son result. 

3. A switching power supply circuit according to 
daim 2, further comprising voltage division 
means (207, 208), connected to the output of said 
rectifying circuit, for producing a divided voltage 
of the dc voltage, and in which the comparison 
means (205) compares the divided voltage of the 
dc voltage with the reference voltage. 

4. A switching power supply circuit according to 
daim 3, wherein the comparison means compris- 
es a differential amplifier (203) having a non-in- 
verting input terminal connected to the reference 
voltage generator and an inverting input terminal 
connected to the voltage division means (207, 
208), said differential amplifier (203) producing 
an amplified differential output of the reference 
voltage and the divided voltage of the rectified 
voltage. 



wherein said primary winding has a centre tai 
separating said primary winding into two seo- 
ments (104a, 104b), said power supply (101) be- 
ing connected to the centre tap of said primary 
5 winding to apply voltage thereto. 

10. A switching power supply circuit according to 
claim 9, further comprising a winding (210) con- 
nected between said power supply (101) and said 

10 centre tap of said primary winding, wherein an In- 

ductance of said winding is greater than an induc- 
tance of said primary winding. 

11. Aswitching power supply circuit according to any 
IS one of the preceding claims, wherein said first 

and second transistors are bi-polar transistors, 
and the control electrodes are the bases of the bi- 
polar transistors or wherein said first and second 
transistors are field effect transistors, and the 
20 control electrodes are the gates of the field effect 

transistors. 

12. Aswitching powersupply circuit according to any 
one of the preceding claims, wherein said recti- 

25 f ying circuit comprises a Cockcroft circuit. 



5. A switching power supply circuit according to 30 
daim 2, 3 or 4, wherein said reference voltage 
generating means comprises means for varying 
the reference voltage. 



6. A switching power supply circuit according to any 35 
one of the preceding claims, wherein said feed- 
back winding (104d) comprises a single winding. 



7- A switching power supply circuit according to any 

one of the preceding claims, further comprising 40 
an RC filter composed of a resistor (220) and a 
capacitor (221), said RC filter being connected to 
said rectifying circuit (340) to remove ripple com- 
ponents contained in the rectified output and out- 
put a dc voltage. 45 



8. A switching power supply circuit according to any 
one of the preceding claims, further comprising a 
resistor (107) interposed between the control 
electrode of said first transistor (106a) and said so 
bias circuit (201). and wherein the bias voltage is 
applied to the control electrode of said second 
transistor (106b) through said feedback winding 
(104d). 

55 

9. A switching power supply circuit according to any 
one of the preceding claims, further comprising a 
power supply (101) supplying a voltage, and 
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